Study objective-To explore the previously stated hypothesis that risk factors for atherothrombotic disease are associated with back pain. Design-Prospective (mean of four years of follow up) and retrospective analyses using two main outcome measures: (a) short (< 7 days) and long (> 7 days) spells of sickness absence because of back pain reported separately in men and women; (b) consistency of eVect across the resulting four duration of spell and sex cells. Setting-14 civil service departments in London Participants-3506 male and 1380 female white oYce-based civil servants, aged 35-55 years at baseline. Main results-In age adjusted models, low apo AI was associated with back pain across all four duration-sex cells and smoking was associated across three cells. Six factors were associated with back pain in two cells: low exercise and high BMI, waist-hip ratio, triglycerides, insulin and Lp(a). On full adjustment (for age, BMI, employment grade and back pain at baseline), each of these factors retained a statistically significant eVect in at least one duration-sex cell. Triglycerides were associated with short and long spells of sickness absence because of back pain in men in fully adjusted models with rate ratios (95% confidence intervals) of 1.53 (1.1, 2.1) and 1.75 (1.0, 3.2) respectively. There was little or no evidence of association in age adjusted models with: fibrinogen, glucose tolerance, total cholesterol, apoB, hypertension, factor VII, von Willebrand factor, electrocardiographic evidence of coronary heart disease and reported angina. Conclusions-In this population of oYce workers, only modest support was found for an atherothrombotic component to back pain sickness absence. However, the young age of participants at baseline and the lack of distinction between diVerent types of back pain are likely to bias the findings toward null. Further research is required to ascertain whether a population sub-group of atherothrombotic back pain can be identified.
Despite an epidemic of disability because of back pain, the aetiology remains poorly understood. 1 For decades, a pathophysiological model of back pain that emphasises trauma and soft tissue injury has been dominant and population studies have therefore concentrated on physical risk factors (such as lifting, twisting, and bending) in manual occupations. 2 However, even with improved methods of measurement, much back pain cannot be attributed to such physical exposures 3 and the majority of people with back pain have no intervertebral disc lesion. 4 5 More recently evidence from pathological, biochemical, and epidemiological studies have led to the hypothesis that atherothrombotic disease of the lumbar arteries may play an aetiological part in back pain. 6 Each vertebral segment from the upper thoracic to the fourth lumbar receives a pair of arteries from the posterior wall of the aorta. 6 Angiographic studies determining the extent of atheromatous stenoses in the lumbar arteries have demonstrated associations between the extent of atherosclerosis and stage of disc degeneration on anteroposterior and lateral radiographs. 7 In a necropsy study, subjects who had a history of back pain of at least three months duration had more occluded and narrowed lumbar and middle sacral arteries than had controls of the same age group. 8 Altered vascular perfusion has been found in patients with sciatica and low back pain. 9 Among patients with chronic back pain, a defect in fibrinolysis has been found in some studies 10 and it has been proposed that fibrin deposition and scar formation could be responsible for the development, or the perpetuation, of chronic inflammation at sites of damage in the spine.
Epidemiological studies have identified some overlap in the behavioural risk factors for back pain and for cardiovascular disease. Smoking and obesity have been found in some studies to predict back pain. [11] [12] [13] [14] [15] Furthermore, it has been reported that among men aged 30-49 years, those reporting back pain have an increased risk specifically of ischaemic heart disease mortality, 16 although this is not a consistent finding. 17 More recently calcific findings in the posterior wall of the abdominal aorta were found to predict disc degeneration and the occurrence of back pain over a 25 year follow up period. 18 However, no previous epidemiological studies have investigated the extent to which a comprehensive range of biological as well as behavioural risk factors predict back pain in a working population. In such a population, sickness absence because of back pain represents a measure of functional disability and public health impact. The Whitehall II study of British civil servants is uniquely able to investigate these issues in a cohort of oYce workers. The objective therefore of this investigation was to measure the extent to which the same behavioural and biological factors that are known to predict the risk of atherothrombotic arterial disease in coronary, carotid and peripheral circulations also predict spells of sickness absence because of back pain.
Methods

STUDY POPULATION
All non-industrial civil servants aged 35-55 working in the London oYces of 20 departments were invited to participate in the study. The overall response rate was 73%, although the true response rate is likely to be higher because around 4% of those on the list of employees had in fact moved before the study and were thus not eligible for inclusion. In total, 10 308 civil servants participated of whom 67% (6894) were men and 33% (3414) were women. Details of the validity and reliability of the questionnaire, clinical and biochemical measurements in the Whitehall II study are given elsewhere. 19 20 ATHEROTHROMBOTIC RISK FACTORS MEASURED AT BASELINE (1985) (1986) (1987) (1988) Between November 1985 and March 1988 participants completed a questionnaire and attended a screening examination (phase 1, baseline). The questionnaire included details on current civil service employment grade (divided into six levels), which was used as a measure of socioeconomic status. Smoking was categorised (never, ex and current) and quantified by packyears based on responses at phase 1. Leisure time physical activity was categorised as vigorous (one hour or more of vigorous activity, such as running or digging, per week), moderate (less than one hour of vigorous activity and one hour or more of moderately energetic activity, such as scrubbing or polishing car) mild (less than one hour of moderate activity) or none. Alcohol intake was assessed by the number of units of alcohol consumed in the last week.
Prevalent coronary heart disease at phase 1 was defined by Rose angina questionnaire, 21 self report of doctor diagnosed heart attack or angina (n=150), probable or possible ischaemia on resting electrocardiogram (Minnesota codes 1-1 to 1-3, 4-1 to 4-4, 5-1 to 5-3 and 7-1-1). Intermittent claudication was defined by questionnaire. 21 Blood pressure was measured twice in the sitting position after five minutes rest with the Hawksley random-zero sphygmomanometer. Hypertension was defined as systolic blood pressure > 160 mm Hg or diastolic blood pressure >90 mm Hg, or treatment with anti-hypertensive medication. Height and weight were measured at phase 1, and body mass index (BMI) was calculated as weight (kg)/height (m 2 ). Cholesterol concentration was determined by the cholesterol oxidase-peroxidase colorimetric method (Boehringer Mannheim kit). Apo AI and apo B were determined by an immunoturbimetric method. 22 HDL cholesterol was determined after dextran sulphatemagnesium chloride precipitation of non-HDL cholesterol. LDL cholesterol was derived from the Friedewald equation. 23 
ATHEROTHROMBOTIC RISK FACTORS MEASURED
AT PHASE 3 FOLLOW UP (1991) (1992) (1993) A total of 8355 (83%) of participants at baseline took part in the third phase of data collection, full details of which have been described elsewhere. 24 The following risk factor measurements were added in the whole cohort at phase 3: waist hip ratio, Lp(a), trigylcerides, glucose tolerance, insulin, fibrinogen, factor VII, von Willebrand factor. Waist circumference (smallest circumference at or below the costal margin) and hip circumference (at the level of the greater trochanter of the right femur) were recorded with subjects in the standing position, unclothed using a fibreglass tape measure at 600 g tension. Waist-hip ratio was calculated as the ratio of the two circumference measurements. Glucose tolerance was defined as normal, impaired or diabetic on the basis of a 75 g oral glucose tolerance test. 25 Treated diabetics were assigned to the diabetic category. The following methods were used for the biochemical analytes at phase 3: lipoprotein (a) (immunoturbidimetric 22 ), triglycerides (enzymatic colorimetric), glucose (electrochemical glucose oxidase), insulin (radioimmunoassay using polyclonal guinea pig antiserum), fibrinogen (modification of the clotting method of Clauss 26 ), factor VII activity (Brozovic method 27 ) von Willebrand factor (double antibody ELISA). People were considered to have the metabolic syndrome when three or more of the following were in the adverse quintile: two hour glucose, systolic blood pressure, fasting triglycerides, HDL cholesterol, waist-hip ratio. 28 BACK PAIN OUTCOMES: SICKNESS ABSENCE (1985) (1986) (1987) (1988) (1989) (1990) Most participants (94%) gave consent for follow up based on their sickness absence records. These records included the first and last dates of all absences from entry into the study until the end of 1990. Therefore measurement of risk factors at phase 3 took place after the end of follow up for spells of back pain sickness absence. Of the 20 civil service departments participating in the Whitehall II study, 14 coded the reason for the absence. For absences of seven days or fewer ("short spells"), civil servants were able to complete their own certificate explaining their absence. For absences of more than seven calendar days ("long spells"), a medical certificate from the general practitioner (GP) was required. As ethnicity is strongly related to both sickness absence because of back pain and many of the atherothrombotic risk factors, 29 all analyses were carried out in a white population only (n=3506 men and n=1380 women). The reasons for absence were coded by the civil service based on the 8th revision of the International Classification of Diseases. All codes relating to back pain were included: disc intervertebral (displaced, lesion, prolapsed, slipped), disc pain, sciatica, pain legs, back pain, backache, pain low back (muscular, rheumatic), lumbago, lumbar strain. A comparison of stated reasons for absence and the diagnosis of the GP in spells lasting more than 21 days, showed disagreement in 12 of 65 participants where the GP provided only one reason for absence and disagreement in 1 of 20 where the GP provided more than one reason for absence.
The validity of the sickness absence because of back pain is further supported by the relation with self reported back pain at baseline. The baseline questionnaire included three questions on back pain: in the past 14 days, in the past 12 months and as a longstanding illness. 30 The number of self reports of back pain at baseline (maximum of three) was strongly related to subsequent sickness absence because of back pain (but not other reasons) on follow up 31 ; for short spells the eVect of 1, 2 and 3 reports of back pain compared with none was associated with age adjusted rate ratios (95% confidence intervals) of 2.26 (1.8, 2.9), 3.74 (3.0, 4.7), and 7.16 (5.4, 9.4) respectively. For long spells the Continuous exposures were divided into sex specific tertiles, with the a priori lowest risk category taken as reference. For each employee, the number of spells of sickness absence of each type was computed and the follow up period was measured in person years.
Rates of sickness absence were expressed per 100 person years. Age adjusted rates were calculated by direct standardisation using the total study population as the standard. The number of spells of sickness absence is a form of count data and therefore Poisson regression models were used to calculate adjusted rate ratios and their 95% confidence intervals. Details of the method used have been reported previously. 32 Analyses of sickness absence rates were carried out using the statistical software SAS (SAS, Cary, NC) and the Poisson regression models were fitted using EGRET. Short spells (< 7 days) and long spells (> 7 days) of sickness absence were analysed separately in men and women-yielding four rate ratios for each putative risk factor. Consistency of eVect was indicated by the number of these duration-sex cells (0-4) in which the confidence intervals for any of the rate ratios did not span unity and in which the direction of eVect was the same as in established atherothrombotic disorders. The duration of spells of back pain absence gives a measure of functional severity. Twenty three per cent of all spells of sickness absence because of back pain were recurrent. The importance of considering women separately from men (rather than adjusting for sex) in aetiological studies of atherothrombotic diseases has been emphasised. 33 Many of the above risk factors are intercorrelated and are measured with diVering precision. Confounder adjustments in this situation may give spurious results. 34 Furthermore the prior aim of the analyses was to explore possible risk factor relations with a large number of exposures, rather than to test the independence of a single exposure. For these reasons statistical modelling was governed by an a priorirather than a statistical-choice of potential confounders. Only those factors that showed an eVect in two or more duration-sex cells in age adjusted models were then further adjusted in two models. (a) Age + BMI adjusted models were carried out to investigate the possibility that people with back pain may take less exercise with consequent rise in BMI, followed by disturbances in lipid and carbohydrate metabolism. (b) Further adjustment for the potential confounding of employment grade and baseline back pain was made in a second model. Employment grade is strongly related to sickness absence because of back pain 31 and to many of the exposures. 19 20 28 
Results
AGE ADJUSTED ANALYSES
Over a mean four year follow up period from baseline, there were 398 short spells and 113 long spells in men and 197 and 70 respectively in women. The age adjusted rate ratios for short and long spells of sickness absence because of back pain are shown in table 1 for  risk factors measured at baseline and in table 2 for risk factors measured at phase 3. Results are described below in order of consistency of eVect.
The most consistent eVect was observed for apo AI, with medium/low values being associated in all four duration-sex cells with higher rate ratios of sickness absence because of back pain. For example, in the women this was statistically significant with the age adjusted rate ratios (comparing low versus high tertile) being 1.68 (1.2, 2.4) for short spells and 2.60 (1.4, 5.0) for long spells.
Compared with never smokers, current smokers had increased risk of sickness absence because of back pain. However, the risk among current smokers was confined to those with >15 pack years (women) and >30 pack years for men.
Six factors were associated with back pain in two of the duration-sex cells: low exercise and high BMI, waist-hip ratio, triglycerides, insulin and Lp(a). For triglycerides in men the rate ratios comparing high versus low tertiles were 1.53 (1.2, 2.0) and 2.24 (1.3, 3.8) for short and long spells respectively. For insulin, the rate ratios for the medium and high tertiles were all greater than one significantly so for the eVect on short spells in the high tertile in men (rate ratio 1.40 (1.0, 1.9)) and for women for the medium tertile only (1.52 (1.0, 2.1)) For lipoprotein (a) the eVect was found for short spells in men and for long spells in women.
Fibrinogen showed an eVect in only one cell-for short spells in men (rate ratio 1.43 (1.0, 2.0))-although the eVect for long spells in women was of borderline significance in both the medium and high tertiles with rate ratios of 2.11 and 2.01 respectively.
There was little or no evidence of association in the hypothesised direction in any of the duration-sex cells for the following: total cholesterol, apoB, hypertension, factor VII, von Willebrand factor, electrocardiographic evidence of coronary artery disease and reported angina. There were a maximum of two spells of absence among those with intermittent claudication and therefore the rate ratios were not calculated. In men for short spells, heavy alcohol consumption (>21 units per week) showed a direct association but in women heavy consumption (>14 units per week) showed an inverse association.
MULTIVARIATE ANALYSES
The seven risk factors other than BMI showing associations in two or more duration-sex cells were then adjusted for (a) age +BMI and (b) age + BMI + employment grade + baseline back pain ("full adjustment"). The results are shown in table 3 (men) and table (women). On full adjustment, each factor retained a statistically significant eVect in at least one durationsex cell. For long spells, because of small numbers, none of the risk factors showed significant associations on full adjustment with the exception of triglycerides in men and Lp(a) in women. For short spells there was a diVerent pattern of association between men and women. For short spells in women, unlike men, the eVect of apo AI, smoking, exercise and waist hip ratio all persisted on full adjustment. Triglycerides were associated with short and long spells of sickness absence because of back pain in men in fully adjusted models with rate ratios of 1.53 (1.1, 2.1) and 1.75 (1.0, 3.2) respectively. For short spells in women, the corresponding rate ratio was 1.47 (0.9, 2.5). Lp(a) and insulin and were associated with short spells in men with rate ratios of (1.39 (1.0, 1.9) and 1.37 (1.0, 1.9) respectively.
Adjusting the eVect of BMI for age + grade + back pain at baseline gave rate ratios of 1.0, 1.35 (0.8, 2.4), 1.46 ((0.8, 2.6) and 0.87 (0.4, 1.9) for short spells in men (the exposure groups are as those in table 1). The corresponding rate ratios were 1.0,1.91 (0.8, 4.7), 2.22 (0.9, 5.6) and 2.02 (0.7, 5.6) in women.
Discussion
This prospective study of sickness absence because of back pain among oYce workers provides only modest support for an atherothrombotic component in the aetiology and or prognosis of back pain. However, two factors are likely to bias these findings toward null; the young age of participants at baseline and the lack of distinction between diVerent types of back pain. Examining short (<7 days) and long (>7 days) spells of absence separately in men and women, we found, in age adjusted models, that low apo A1 and smoking were associated with back pain. This eVect was consistent across four of four and three of four of the duration-sex cells respectively. A further six factors were associated with back pain in two of the duration-sex cells: low exercise and high BMI, waist-hip ratio, triglycerides, insulin and Lp(a). On full adjustment (for age, BMI, employment grade and back pain at baseline), each of these factors retained a statistically significant eVect in at least one duration-sex cell. Because of the public health importance of back pain, these novel observations merit further investigation to see whether a subgroup of atherothrombotic back pain can be identified.
The major strength of the Whitehall II study lies in the unique combination of detailed cardiovascular exposure measurements with a validated 31 measure of back pain outcome. No other prospective population based study investigating back pain aetiology has a comparable range of biochemical cardiovascular risk factors; conversely existing cardiovascular cohort studies have, at best, only crude measures of self reported back pain. Being an occupational cohort, the Whitehall II study is able to examine spells of sickness absence and these represent not only back pain morbidity (experience of symptoms), but also, in a working population, functional disability. Separate analyses of short and long spells of absence give a measure of the severity and public health burden of back pain, although a pure distinction between aetiological and prognostic factors is not possible. Spells of sickness absence have the advantage of being timed episodes permitting analyses of rates. The observation that symptoms of back pain strongly predict subsequent sickness absence, specifically because of back pain, supports the validity of this case definition. Clearly in the absence of a case definition of back pain caused by lumbar artery disease suitable for use in population studies, risk factor associations will tend to be biased towards unity.
However, the major limitation of this study relates to the temporal sequence between putative risk factor and spells of back pain sickness absence. Although Whitehall II is prospective in design, some of the risk factors-waist-hip ratio, triglycerides, insulin, Lp(a)-were measured only at follow up and not at baseline. The definition of an incident (first lifetime) episode of back pain is problematic, being subject to recall bias. How then can we discount the possibility that back pain at baseline was the cause rather than the consequence of increased risk factor levels? It is plausible that participants with back pain at baseline might take less exercise with consequent increase in waist-hip ratio and BMI, followed by disturbances of lipid and carbohydrate metabolism. Indeed if this were true it would still be of public health interest, oVering a potential mechanism for the reported association between back pain and subsequent ischaemic heart disease mortality.
There are three lines of evidence that suggest that back pain is unlikely to cause increased risk factor levels. Firstly, self reported back pain was not related to exercise at baseline, nor did it predict BMI, waist-hip ratio apo AI or triglycerides at follow up. Secondly, adjustment of associations by baseline back pain gives a measure of new spells of back pain and this adjustment had little eVect on the estimates. Thirdly, as one of the factors associated with risk of back pain-Lp(a) is largely genetically determined, 35 with few reported environmental correlates-it is unlikely that back pain could influence levels.
We examined 23 behavioural and biological risk factors for vascular disease in relation to sickness absence because of back pain. Given the paucity of published data with which to specify hypotheses and the need to avoid the problem of multiple comparisons, we used a relatively conservative measure of consistency of eVect. We suggest that a risk factor that showed an eVect in men and women for both short and long spells of absence may be less likely to be explained by chance or confounding than a risk factor showing an eVect in only one duration-sex cell. As there were fewer long than short spells of absence and fewer spells in women than men, this test of consistency may be too conservative. The lack of statistical significance may merely reflect low power to detect plausible eVects. A more stringent test of consistency of eVect-for example requiring risk factors to demonstrate dose response relations-should be considered in further research.
Few other population studies have examined biochemical risk factors for back pain. Two cross sectional studies in men found no association between total cholesterol 12 or lipid sub-fractions 36 and back pain. The eVect of low apo AI observed in this study was not confounded by minor psychiatric morbidityassociated in some studies with both cholesterol 37 and in others with back pain 38 -or by employment grade. Triglycerides were associated with short and long spells of sickness absence because of back pain in men in fully adjusted models with rate ratios of 1.53 (1.1, 2.1) and 1.75 (1.0, 3.2) respectively.
Unmeasured physical and ergonomic exposures could confound the observed associations. However, the variation in such exposures in this wholly oYce based cohort is unlikely to be large. Furthermore the finding that adjustment for civil service employment gradewhich is likely to be related to such unmeasured exposures-had in general only a small eVect makes such confounding less probable. A possible explanation of these findings is that underlying exposures such as work or non-work KEY POINTS x Clinical and pathological studies suggest that atherothrombotic lumbar arteries may cause back pain. x This is the first epidemiological study systematically examining this hypothesis. x Biological (for example, apo AI) and behavioural (for example, smoking) atherothrombotic risk factors predicted sickness absence because of back pain in a cohort of oYce workers. x Further research is required to identify population subgroups of atherothrombotic back pain.
stressors lead to low back pain 31 and to atherothrombotic risk factors. 28 39 In other words both back pain and atherothrombotic risk factors may share some common antecedents.
The four risk factors most consistently associated with predicting subsequent vascular disease events are cholesterol, smoking, blood pressure, and pre-existing vascular disease. 40 Two of the most robust risk factors for atherothrombotic disease-hypertension and preexisting coronary heart disease-did not predict back pain in this study. However, it is well recognised that some risk factors show stronger associations in specific sites, for example, smoking and peripheral arterial disease, blood pressure and carotid disease, cholesterol and coronary disease. Likewise lumbar arterial disease could be associated with its own pattern of risk factors.
These results provide some evidence in a working population for an atherothombotic component in the pathophysiology of back pain. Given the public health importance of back pain and the lack of success in identifying eVective preventive interventions, 41 further research might fruitfully concentrate on (a) the extent to which the biological and behavioural risk factors identified here and in other studies interact with ergononomic, physical, and psychosocial risk factors (b) more detailed noninvasive measurement of atherothrombotic disease in diVerent arterial territories in subjects with and without back pain (c) the extent to which a subgroup of atherothrombotic back pain can be identified.
